A new constraint on cosmological variability of the proton-to-electron mass ratio by Levshakov, S A et al.
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































0 L7-0R 4076.43 0.04 3.02484 0.00004 0.03117
1 W2-0Q 3888.39 0.06 3.02487 0.00006 0.01422
W3-0Q 3813.22 0.04 3.02484 0.00005 0.02174
L3-0R 4280.27 0.05 3.02485 0.00005 0.01125
L3-0P 4284.89 0.03 3.02486 0.00003 0.01027
L7-0R 4078.95 0.06 3.02485 0.00006 0.03050
L10-0P 3955.77 0.06 3.02484 0.00006 0.04054
2 W0-0R 4061.18 0.05 3.02486 0.00005  0:00506
W0-0Q 4068.86 0.07 3.02484 0.00007  0:00685
W1-0Q 3976.46 0.06 3.02488 0.00006 0.00392
L3-0R 4286.45 0.04 3.02485 0.00004 0.00977
L4-0R 4232.15 0.05 3.02487 0.00005 0.01522
L5-0R 4180.57 0.06 3.02485 0.00006 0.02021
3 W0-0Q 4075.88 0.07 3.02485 0.00007  0:00855
L3-0R 4296.43 0.08 3.02485 0.00007 0.00742
L3-0P 4307.18 0.05 3.02487 0.00004 0.00516
L6-0R 4141.54 0.05 3.02487 0.00005 0.02233
L7-0P 4103.35 0.04 3.02484 0.00004 0.02481
L8-0P 4058.61 0.05 3.02484 0.00005 0.02871
L12-0R 3894.77 0.05 3.02488 0.00005 0.04398
L15-0R 3795.31 0.04 3.02486 0.00004 0.05784
4 L4-0P 4268.66 0.06 3.02483 0.00005 0.00695
5 W1-0Q 4004.43 0.05 3.02488 0.00005  0:00310
further analysis due to H i contamination, however, the ac-
curate wavelength measurements of 23 H
2
lines (see Table 1)
allow us to constrain directly possible changes of 
0
.









then for any two H
2

























sponding line centers measured in a quasar spectrum.
In equation (1), the so-called sensitivity coeÆcients K
determine the sensitivity of H
2
wavelengths to the variation
of the proton-to-electron mass ratio. These coeÆcients have
been calculated by Varshalovich & Levshakov (1993) and
in a dierent manner by Varshalovich & Potekhin (1995).
Both methods give results which agree quite well. Most re-
cent version of the procedure to calculate K and =
0
from QSO spectra is described in detail by Potekhin et al.
(1998). Following this procedure we deduced the sensitivity
coeÆcients which are listed in column (7) of Table 1 for the
subsample of 23 H
2
transitions having relatively strong line
proles free from the Ly forest contamination (see Figs. 5
and 6 in LDDM).
From the measured z-values of these lines listed in col-












lines in the DLA system at z
abs
= 2.811 toward Q0528{





ratio are in good agreement with the limit
on the variability of the product of the ne-structure con-
stant, nuclear g factor of the proton and the masses of the








) = (1:2 1:8) 10
 4
which was set by de Bruyn, O'Dea & Baum (1996) from the
measurements of the redshifts of the H i 21 cm line and the
optical resonance absorption lines observed at z
abs
= 3.38
in the DLA toward Q0201+113. The same order of mag-








) were found from
other DLAs detected at z
abs
= 0.524 (Q0235+164), 0.692
(3C286), 1.776 (Q1331+170), 1.944 (Q1157+014), and 2.038
(Q0458-020) (see Table 4 in de Bruyn et al. 1996).
We note in passing that the H
2
lines listed in Table 1
give z
abs
= 3:024856  0:000010 in agreement with z(H
2
) =
3:024855  0:000005 obtained in LDDM.







< 2:8  10
 4
:













, the look-back time for z
abs
= 3.025
is 11.2 Gyr [see, e.g., equation (16) in Carroll, Press, &
Turner 1992]. This leads to the restriction
j _=
0








We have obtained a new constraint on the variation rate of







= 3.025 toward Q0347{3819 (t ' 11 Gyr).





measured at slightly lower redshift z
abs
= 2.811 toward
Q0528{250 by Potekhin et al. (1998). These measurements




We think that the claimed variability of 
0
(Murphy
et al. 2001) could be related to pure computational eects
and hardly to the real physical conditions. Indeed, relative





leading to an asymmetric shape of the
c















i is in general biased. A bias of about 0.05% can be
easily obtained in calculating the sample mean from high
quality spectral data as shown in Fig.1 in Levshakov (1994).
We conclude that despite of the theoretical predictions
of the space- and time-dependence of the fundamental phys-
ical constants, no statistically signicant changes of any of
them have up to now been detected.
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